Abstract: Gamma-ray astronomy has traditionally been a difficult field of research due to the low fluxes from astronomical objects and the inherently poor angular response of detectors. Progress made in the field in the last twenty years is reviewed. Many major astrophysical problems can only be addressed with the future operation of more sensitive satellite experiments. Recent gamma-ray observations of the supernova SN1987 a are briefly discussed.
Introduction
Gamma-ray astronomy conveniently divides into two distinct sections with very little overlap, owing to the nature of the production mechanisms as well as the detection techniques. In the high energy region, broadly above 50 MeV, production takes place mainly due to the interactions between relativistic particles and matter or radiation fields, i.e. p-p interactions leading to TT°-decay, electron bremsstrahlung and inverse Compton scattering. The detection techniques rely exclusively on the pair production mechanism. In the lower energy range, -200 keV to 10 MeV, continuum producing mechanisms like bremsstrahlung and inverse Compton are supplemented by various processes responsible for line emission, e.g. cyclotron emission, electron annihilation, nuclear de-excitation, radioactive decay and radiative neutron capture. The dominant photon interaction process in this energy range is Compton scattering. Lower energy gamma-ray detectors use the physics of this process to maximise their energy and angular response. At the highest energies where the photon flux is extremely low, ground based techniques have to be utilised. Above -500 GeV, primary gamma-rays are capable of generating nucleon-free electromagnetic cascades in the atmosphere. Air Cerenkov dishes and conventional air shower detectors are used to search for directional anisotropies to identify gamma-ray sources. In this review we will concentrate mainly on the high energy section above 50 MeV. All high energy gamma-ray telescopes have a number of common features: (i) an anticoincidence system of scintillators to discriminate against charged particles; (ii) a high density multi-layered material coupled with a track-locating device to convert the incoming photon to an electron-positron pair which is then tracked through the detector; (iii) an energy measuring device, usually a high density calorimeter (e.g. Amikov et al. Figure 1-The Soviet-French GAMMA-1 experiment (Amikov et al. 1985) .
1985, Sood et al. 1982) . In common with detectors at other energies, considerable effort is put into maximising angular and energy resolution without loss of detection efficiency. Up-down discrimination is achieved by using Cerenkov counters and time of flight techniques. Figure 1 shows the Soviet-French GAMMA 1 satellite detector which incorporates all of these features, along with a coded-aperture mask which is discussed later. Gamma-ray sources have turned out to have fluxes 4-5 orders of magnitude lower than those first predicted in the 1950s (Morrison 1958) . Because of this paucity of photons, most advances in the field have come through the operation of satellite experiments, e.g. SAS II (Fichtel et al. 1975) 
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contaminated by the high background experienced at balloon altitudes. Nevertheless, balloon experiments have made significant contributions to the field, for example the discovery of gamma-rays from the Crab nebula and the Vela pulsars (Albats et al. 1972) . At present there is a lull in experimental activity in the field due to the termination of the COS B experiment in 1982 and the delay in the launch of the NASA gamma-ray observatory spacecraft GRO, and the Soviet-French spacecraft GAMMA 1.
Observed Gamma-Ray Sources
The highly successful COS B experiment has dominated the search for gamma-ray sources during the last decade. It has turned up 24 point-like sources, only three of which have been identified with known objects at other wavelengths. The Crab and Vela pulsars, identified by their time signatures have exhibited properties different from each other. These sources have been studied in great detail by repeated observations over a period of seven years. For instance, an exposure factor of 1.5 x 10 8 cm 2 s for the Crab region has yeilded unprecedented accuracy in determining the spectra of various phases of the emission from the pulsar PSR 0531 + 21. The pulsed flux shows a continuation of the K 10 spectral shape from lower energies ( Figure 2 ). This flux also exhibits a time variability at the 3-sigma level over a time scale of years (Clear et al. 1987) . The unpulsed emission from the Crab region has a steeper spectrum (E ' ) • However, the angular resolution of COS-B cannot preclude this emission as being a possible steady component from the pulsar itself. The power law spectrum is consistent with a steepening from X-ray energies. The Vela pulsar (0833-45) on the other hand emits preferentially in the gamma-ray region, with the components emitted at different pulsar phases showing marked spectral differences.
3C273 is the only other point source clearly identified as a gamma-ray emitter. This identification comes about because of the high galactic position of 3C273 and highlights the inherent limitations imposed by the poor angular resolution of the COS B detector on the identification of the other 21 point sources. These objects individually have not been correlated with emitters at other wavelengths. As a group, they lie along the galactic plane at a distance range of 2-7 kpc, have a flux of 1-5 x 10~6 photons/cm 2 s, and an average spectral shape of ~E 2 . Among other sources, the two extended sources in the Orion nebula and the @-Oph cloud show strong correlation with matter density in those regions. Cygnus X-3 continues to be controversial (Figure 3) . SAS II originally detected this source with a period of 4.8 hours (Lamb et at. 1977) . COS B was unable to detect a positive flux during seven observation periods even though Cygnus X-3 was in a high state of X-ray activity during some of these periods (Hermsen et al. 1985) . An upper limit an order of magnitude lower than the SAS II flux of 4.4 x 10" 6 photons/cm 2 s and an examination of the CO data in the region led Hermsen et al. to conclude that the SAS II result was consistent with a diffuse emission. However, short term variability is discounted in a reanalysis of the SAS II data (Fichtel et al. 1987) .
The Geminga gamma-ray source (2CG 195+04) was first reported by the SAS II experiment (Thompson et al. 1977) . It has a reported period of 59 s and was tentatively identified with the X-ray source IE 0630 + 178 with the same period (Bignami et al. 1985) . However, the far more sensitive COS B survey found no evidence of a 59 s period.
These disagreements highlight the need for more sensitive detectors with improvement in angular resolution of an order of magnitude. A further example of the uncertainty generated by previous measurements is in the interpretation of the diffuse emission of gamma-rays in the Galaxy. The observed gammaray profile can be used to map the galactic cosmic-ray distribution as the gamma-ray emissivity is proportional to the product of the cosmic-ray density and matter density once the contributions from electron bremsstrahlung and inverse Compton have been subtracted. The latter two processes are believed to be significant only near the galactic centre region. There, the cosmic-ray electron density is known to be high from synchrotron emission measurements; similarly inverse Compton scattering is significant because of the high starlight photon density. The galactic neutral hydrogen distribution is well known from 21 cm line measurements. Therefore, the main uncertainty lies in the determination of the amount of molecular hydrogen. This contribution is established from interstellar line measurements (Sanders et al. 1984) . Using this approach, Bloeman et al. (1985) came to the conclusion that the cosmicray density was fairly uniform throughout the Galaxy. Using the reverse argument that if the cosmic-ray density is known, then the molecular hydrogen distribution can be mapped, Bhat et al. (1985) concluded that the molecular hydrogen intensity, H 2 (Y) was in disagreement with the measurements of Sanders et al. (1984) , H 2 (see Figure 4) . Bhat et al. had assumed a cosmic-ray gradient established by the distribution of supernova remnants.
Future Experiments
Improvements in the angular resolution of high energy gammaray detectors can be made in two ways. With a detector large enough to acquire a statistically large number S of source counts, the intrinsic single photon angular uncertainty (0 U ) is reduced to the mean value 6 m = d u S' Vl if there is no background. In the presence of background counts B, 6 m = 8 u [[l 
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A (Thompson 1986) . Using this argument, a source location accuracy of 17 arcmin at 200 MeV for a source strength of 0.1 of the Crab intensity ( Figure 5 ) is claimed for EGRET-the high energy gamma-ray spark chamber experiment on GRO. The second approach is employed by the GAMMA-1 Soviet-French experiment which has a coded-aperture mask placed 30 cm above the spark chamber detector (Figure 1) . In a deconvolution Figure 4 -Dependence of the density of Hi and H 2 on galactocentric radius R (Bhat et al. 1985) . Figure 5 -The projected rms uncertainty in arrival direction determination for single photons for several detectors (Thompson 1986 ).
process, a gamma-ray source appears as a peak in the correlation function between the patterns of the coded aperture mask and the observed gamma-rays. The projected angular resolution is obtained by dividing the width of the smallest transparent element of the mask by the distance between the mask and the detector. Amikov et al. (1985) have measured an angular resolution of 15 arcmin at 300 MeV.
However, there are problems with both approaches because of the fundamental lack of large cosmic gamma-ray fluxes. In the technique where the statistical distribution of the observed gamma-rays from a source is used to establish its position, a detector of very large size can cause problems with a high anticoincidence dead time, mechanical integrity of a multiwire system and electromagnetic interference. These problems may be resolved with a modular detector approach. The coded aperture mask technique immediately reduces an already small flux by a factor of ~ 2, and in addition introduces an uncertain amount of background generated by the mask itself. In a satellite orbit, the background can be time-dependent, leading to further difficulties in the interpretation of the data.
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Gamma-Rays From SN 1987a
The recent supernova explosion in the Large Magellenic Cloud has given a new lease of life to at least one balloon-borne high energy gamma-ray experiment which had not been flown since 1975. The optical spark chamber which had been responsible for the detection of pulsed gamma-rays from the Crab and Vela pulsars (Albats et al. (1972) was rapidly refurbished in March 1987 by a consortium of five groups led by The University College, Australian Defence Force Academy, to observe SN 1987a. Supernovae have long been suspected to be a major source of cosmic-rays, particularly in the early stages. The presence of these cosmic-rays is revealed by the detection of secondary gamma-rays which are produced in the source region. Numerous models have appeared in the literature predicting the level of gamma-ray fluxes from the various interaction processes involved. The proximity of SN 1987a provides a valuable opportunity for testing some of these models. For instance, the Cavallo and Pacini (1980) model invokes gamma-ray production by the interaction of pulsar accelerated cosmic-rays with the expanding shell. Assuming for SN 1987a a shell mass of 7 M 0 expanding with an average velocity of ~ 10 4 km s" 1 up to day 55, the day of the balloon observation, this model predicts a gamma-ray flux from TT° decay of ~ 2 photons/cm 2 s. A 6.2 hour observation at a float altitude of 2.0 mb in the balloon flight from Alice Springs on 19 April yielded a 3-sigma upper limit to the steady emission from SN 1987a of 7 x 10" 4 photons/cm 2 s for energies above ~50 MeV. This limit was drived from the event counting rate of the detector. Final analysis using spark chamber track data should result in an improvement in sensitivity of a factor of ~ 20. An alternative model due to Chevalier (1983) postulates cosmic-ray acceleration by the shock wave and consequent interaction with the shell material. The predicted gamma-ray flux from this model should be tested in the final analysis of the balloon flight data. A multiwire proportional counter X-ray detector on the same balloon flight failed to detect any X-ray emission from SN 1987a between 20 and 150 keV at the 100 millicrab level (Ubertini et al. 1987) . Three low energy gamma-ray experiments flown from Alice Springs in May-June 1987 have only been able to place upper limits of ~ 10" 3 photons/cm 2 s below -10 MeV. These observations seem to indicate that the expanding shell was not transparent enough at the time to reveal the gamma-ray products of radio-active decay so widely predicted for such supernovae.
